Implications of the reactive thiol and the proximal non-proline cis-peptide bond in the Structure and function of Vibrio harveyi luciferase.
The role of a highly reactive cysteine residue, Cys106, in Vibrio harveyi luciferase in modulating the substrate-enzyme interactions and in turn affecting the enzyme activity has been extensively investigated over the past three decades. Replacing Cys106 with valine dramatically hinders the ability of luciferase to stabilize the C4a-hydroperoxyflavin intermediate [Abu-Soud, H. M., Clark, A. C., Francisco, W. A., Baldwin, T. O., and Raushel, F. M. (1993) J. Biol. Chem. 268, 7699-7706] and consume aldehyde substrate [Xi, L., Cho, K.-W., Herndon, M. E., and Tu, S.-C. (1990) J. Biol. Chem. 265, 4200-4203], therefore markedly decreasing enzyme activity. On the basis of the structure-activity relationship of flavin analogues and the location of the phosphate binding site of flavin mononucleotide (FMN) coupled with molecular modeling, the functional part of the isoalloxazine ring of FMN, the thiol side chain of Cys106, the methyl group of Ala75, and the unique non-prolyl cis-peptide bond between Ala74 and Ala75 were found to be closely packed [Lin, L. Y., Sulea, T., Szittner, R., Vassilyev, V., Purisima, E. O., and Meighen, E. A. (2001) Protein Sci. 10, 1563-1571]. Here, by mutating Ala75 to Gly, we restored key wild-type properties to the C106V mutant, in particular, high enzyme activity and a stable C4a-hydroperoxyflavin intermediate, demonstrating that the primary reason for the dark phenotype of the C106V mutant was the unfavorable steric interaction between Val106 and Ala75 side chains, which could in turn disturb the cis-oriented amide linkage of Ala74 and Ala75. Moreover, significant red shifts in light emission of 3-10 nm were measured for luciferases carrying Val106 with the spectrum of the double mutant C106V/A75G now red shifted to that of Photobacterium phosphoreum luciferase, which also has Val and Gly at positions 106 and 75, respectively. These results strengthen the validity of the binding geometry of the modeled flavin with the re-face of the pyrimidine end of the isoalloxazine ring next to Cys106 and implicate the Ala74-Ala75 cis-peptide as a key component in the bioluminescence reaction.